crease in atom diffusion and eventual merging of both regimes above 1000 K. On the zone (011)-(001) steps are not closepacked and only 1 -dimensional was seen, although two regimes were also found. The lack of 2.dimensional diffusion is attributed to the inability of atoms to climb none closepasked steps. Evidence for roughening was also found in most locations of this second zone but at much lower temperatures than along (011)-(112).
I -INTRODUCTION
Roughening transitions on stepped metal surfaces are of theoretical interest but have received relatively little experimental attention. Engel and coworkers have recently look at stepped Ni surfaces and found evidence of roughening from He diffraction studies/l/. We show here that changes in the surface self-diffusion of W atoms and other defects can give an indication of roughening. The regions chosen for investigation lie in the zone (011)-(112) and the zone (011)-(001). Fig.  (1) gives the probed planes in two zones. A very preliminary report of this work has been given/2/ and a detailed account is to be published elsewhere/3/.
I1 -PRINCIPLE OF METHOD
The method used here is an extension of the field emission fluctuation technique, described in detail previously/4,5/. As normally used a field emitter is uniformly covered with adsorbate and current from a small region, 50-100 Angstroms in radius is measured by means of a probehole. At temperatures where the adsorbate is mobile there are fluctuations in the number of adsorbed particles in the probe and this gives rise to fluctuations in emission current. The time autocorrelation function of these fluctuations is nearly proportional to that of the particle number, fn(t) *permanent addressl Department of Radi~~Electronics, Peking University, Beijing, The PeopleEs Republic of China.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987603 where < (6n) 2 > i s the mean square number f l u c t u a t i o n i n the probed area P., D the d i f f u s i o n c o e f f i c i e n t , t the time and y the dimensionality o f d i f f u s i o n . I t can be seen from Eq.(l) t h a t f n ( t ) at-? f o r 2-dimensional and c~ t" / 2 f o r 1-dimensional d i f f u s i o n a t long times. It can be shown141 t h a t f n ( t ) can be expressed as a func t i o n t/b where where ro i s the r a d i u s of the probed area A. So t h a t comparison o f the experiment a l and t h e o r e t i c a l curves y i e l d s and hence D. I n the present case the d i f f u s i n q e n t i t i e s are n o t absorbed species a t f i x e d average concentration b u t "1oose" W atoms and o t h e r defects, created thermally. I t can be shown131 t h a t t h i s need n o t affect the form of the c o r r e l a t i o n f u n c t i o n i f the l i f e t i m e of the d i f f u s i n g species i s comparable t o r,,.
The d e t a i l o f t h e experimental procedure have been given previously/5,6/.
The f inal pressure i n t h e system was 3-4x10-ll t o r r , The experiments consisted o f f i nd i n g t h e f i e l d emission c u r r e n t c o r r e l a t i o n f u n c t i o n f i ( t ) f o r a number o f probehole l o c a t i o n s along the zone (011)-(112) and along t h e zone (011)-(001), using the e l e c t r o s t a t i c d e f l e c t i o n electrodes t o move the emission p a t t e r n . The e m i t t e r radius was r* = 1880 Angstroms and t h e probe r a d i u s was ro-% 60 Angstroms. Since ~o w l e r -~o r d h b i m parameters f o r W atoms and o t h e r defects are n o t known t h e experimental c o r r e l a t i o n function i s then compared t o a t h e o r e t i c a l one based on Eq. Some work f u n c t i o n measurements were a l s o made. Fig.(2) gives work f u n c t i o n vs. temperature.
I V -RESULTS AND DISCUSSION
The regions examined were stepped surfaces along t h e zone (011)-(112) and along t h e zone (01 1)-(001).
I n t h e f i r s t case terraces and steps have < 110 > o r i e n t a t i o n , steps are closepacked and r u n along < I 1 1 > d i r e c t i o n s . I n t h e second zone terraces are i n i t i a l l y < 110 > and steps < 100 >, w i t h terraces becoming < 100> and steps < 110> as (001) i s approached. The steps a r e n o t closepacked and r u n along < 100> d i r e c t i o n s . For the zone (011)-(112) r e s u l t s were very s i m i l a r on a l l stepped surfaces and showed two d i s t i n c t types o f d i f f u s i o n . This c o u l d be seen by u s i n g d i f f e r e n t time scales f o r t h e c o r r e l a t i o n . The o r e r a p i d l y decaying f u n c t i o n showed t'l behavior a t long times, t h e slower t"" behavior a t l o n g times. This suggests t h a t the f a s t regime corresponds t o atoms d i f f u s i n g on and across terraces; t h i s r e q u i r e s atoms t o climb and descend steps. The slower 1-dimensional process suggests d i f f u s i o n along steps, and probably corresponds t o d i f f u s i o n of negative kinks, o r positive-negative k i n k combinations. Fig.(3) shows l o g D vs. 1/T f o r both types f o r a t y p i c a l case, Evidence f o r a roughening t r a n s i t i o n comes from the f o l l o w i n g observations: A t 875 K. D(s1ow) decreases sharply and then increases a t 925 K. Up t o t h i s temperature slow d i f f u s i o n i s s t i l l 1-dimentional b u t a t 950 K becomes Zdimensional. This suggests t h a t steps c o n t a i n some kinks which can d i f f u s e , b u t t h a t a t T >875 K steps become s u f f i c i e n t l y disordered t o impede k i n k d i f f u s i o n and a t 950 K become so disordered t h a t kinks r u n i n every 
Values o f a c t i v a t i o n energies E and p r e f a c t o r s Doare i n d i c a t e d on t h e figure. The i n i t i a l l y f a s t e r d i f f u s i o n i s 2-dimensional, the i n i t i al l y slow regime l-dimensional below 950 K.
900 K and then decreases, because t h e increased step d i s o r d e r and decreasing t e rrace widths impede t h i s process. Above 1000 K o n l y a s i n g l e d i f f u s i o n regime i s d i s c e r n i b l e . Thus we conclude t h a t on surfaces containing closepacked steps t h e r e i s a gradual b u t w e l l defined increase i n d i s o r d e r leading eventually t o enough roughening f o r steps t o l o s e t h e i r i d e n t i t y . On t h e zone (071)-(0011 where steps a r e n o t closepacked and terraces switch o r i e nt a t i o n t h e s i t u a t i o n seems more complicated. Two d i f f u s i o n regimes a r e seen on (023) and (01 7), which c o n s i s t o f (01 1) and (001 ) terraces respectively, b u t both regimes a r e 1-dimensional.
On (023) (Fig.(4) ) t h e f a s t d i f f u s i o n decreases sharpl y a t 650 K and merges w i t h t h e slow one a t 714 K; above t h i s temperature D i n creases again b u t become P-dimensional o n l y a t 900 K. However, no sharp decrease i n t h e slow regime, presumably corresponding t o k i n k d i f f u s i o n i s seen. On (017) the f a s t d i f f u s i o n drops a t 650 K and merges w i t h the slow d i f f u s i o n a t 770 K; the l a t t e r increases w i t h o n l y a change i n slope a t 700 K ( F i g . ( 5 ) ) . D i f f u s i o n becomes 2-dimensional a t 900.'K. On (013) no r e a l evidence f o r a t r a n s i t i o n i s seen, w h i l e (012) i s s i m i l a r t o (013). Thus roughening seems l e s s w e l l defined, o r a t l e a s t i s l e s s c l e a r l y seen from d i f f u s i o n changes, when steps a r e n o t c l osepacked. It seems c l e a r , however, t h a t some roughening occurs b u t a t much lower temperatures than along the zone (01 1 ) -( I 12). Experiments on ( O l l ) , (112) and (111) were a l s o made. On (011) no s i g n i f i c a n t s i g n a l was seen and i t shows t h a t the population o f f r e e atoms t h e r e i s n e g l i g ib l e . On (112) a s i n g l e d i f f u s i o n regime was seen and t h e observed d i f f u s i o n i s e s s e n t i a l l y ZTdimensional. On (111) a s i n g l e 2-dimensional regime was seen b u t a t T = 750.K D decreased, then increased again, i n d i c a t i n g a surface roughening. It is necessary to point that in the experimental procedures the presence of the electric field does not cause the thermal-field build up of W atoms in the range of the temperatures.
V -CONCLUSION
The experimental results have indicated that self-diffusion on stepped surface can be used to investigate roughening by the field emission fluctuation method. It is rather clear that roughening on well defined stepped surfaces proceed via partial disordering of steps, followed by more global disorder.
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